Studies on the pathophysiology of Parkinson's disease have concentrated on rigidity, tremor and bradykinesia. The other characteristic feature, delayed initiation of voluntary movement is very obvious on clinical examination but has proved impossible to quantify because of the difficulty in determining the time of the volition. Reaction times are not suitable for studying this function since multi-synapse afferent pathways are involved and the efferent limb of the responses is not necessarily the same as in voluntary movement. What is required is a marker of the premovement cerebral activity associated with the decision to move. Recognition of pre-movement cortical potentials related to self-timed limb movements suggested the possibility that prolongation of a component of the pre-movement potentials might accompany the slow initiation of self-paced movements.
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Cortical Readiness Potential
In the last 20 years, chronological data storage and averaging of scalp potentials of the electroencephalogram have made it possible to recognise event-related potentials preceding as well as following a recurrent event. Slow potential shifts temporally associated with self-paced voluntary movement have been subdivided into discrete or overlapping components. Different authors described three to eight or more components. For the present purpose we concentrate on a slow surface negative potential shift preceding voluntary movements which is recognised by all authors as the Readiness Potential (Bereitschaftspotential) and which can be recorded from all normal human subjects. It starts at an average of 850 ms before the onset of the associated movement (of head or limbs). It is bilaterally distributed over the cortex and increases with intentional engagement.1 It is most negative at the vertex and in pre-central derivations, decreasing in amplitude as the recording electrode is moved away from the vertex (with linked mastoid reference) and becoming surface positive at the frontal leads. For our purpose we will not review the literature on the readiness potential but adopt the criteria and terminology of Deecke et all unless otherwise indicated.
At about 87 ms (average) before the movement (or about 50 ms before the electromyogram, EMG) the negativity at the pre-central region contralateral to the limb movemeift rapidly becomes more negative 1184
Striatal control of readiness potential in Area 6 (motor potential, MP). In about 40% of subjects the motor potential is preceded by a sudden positive deflection (pre-motion positivity) starting about 1 7 ms before the movement (86 ms before the EMG).' These average times are very similar to those in our control subjects reported below. The motor potential has a maximum over the contralateral precentral representation field of the moving limb. It is probably associated with activity of the motor cortex initiating the pyramidal tract volley commanding the movement. The pre-motion positivity is currently attributed to activity in the parietal cortex, mainly right, possibly associated with command for a ballistic movement. Assuming that any delay between the decision to move a limb and its execution is unlikely to occur after the command signal at the motor cortex we have concentrated on the earlier cortical events represented by the so-called Readiness Potential (RP).
Case Material
Fifty-five patients with idiopathic paralysis agitans (Parkinson's disease) were examined. There were 33 male and 22 female, with an age range of 31-75 years. The right hand was dominant in 33 patients. The time from the first recognised symptom of the disease was recorded and each patient graded at the time of investigation for severity of Parkinsonism by the Webster Scale (in which an increasing score represents increasing motor disability). As control subjects we selected an age-matched normal person for each Parkinsonian patient (mean age 56 years).
All subjects were naive for the type of measurements to be described. The patient and control group were selected for ability to fulfil certain criteria: I Ability to concentrate on the test programme for a minimum of 60 minutes and a maximum of 3 hours without requiring to be roused. 2 Ability to see an irregularly presented light signal permitting him to make a predetermined movement in his own time. He must not be blind or deaf. 3 Ability to comprehend the test procedure, 4 Ability to stand unsupported. 5 Absence of previous thalamotomy or other brain surgery. 6 Absence of other serious disease, systemic or neurological. 7 Absence of significant depression or dementia. 8 Absence of antidepressant, antipsychotic or sedative drugs. All patient and control subjects were free to refuse to take part in the investigation which was fully described by one For the purposes of the present study, further discussion will be confined to the Readiness Potential (NI). The duration of RP exceeded 1 100 ms in 43 subjects and it was 901-1 100 ms in nine. Only three normal subjects had an RP less than 900 ms and none less than 800 ms. The mean maximum amplitude (at onset of P1) was 10 4pyV (SD 5 6) at the vertex but showed a tendency to decrease with age though the onset time did not. There was, for instance, no evidence that identification of the onset of RP was significantly affected by a drop in amplitude. In two normal adolescents (a boy aged 13 and a girl aged 14 years) the negative wave was replaced by a complex positivegoing wave starting about 500ms before the EMG, but a negative wave began at about 300ms, presumably a Motor Potential (N2). This is normal in children and adolescents (see Discussion).
In 55 patients with Parkinsonism, there were only two with a negative Readiness Potential exceeding 800 ms in duration. In 23 patients there was a negative RP with duration less than 800 ms (mean duration 500 ms), in three patients there was no detectable premovement potential and 27 patients had a positive slow potential shift which usually started 500 ms or less before the EMG (fig 1) . Three patients in whom the onset of RP could not be identified with reasonable confidence were excluded from the statistical analyses in the tables. In (fig 2) .
The patients were graded for severity of Parkinsonism by the Webster Scale (in which an increasing score represents increasing motor disability). There was a significant association of decreasing duration (late onset) and reduced amplitude of negative RP 1187 change on repeat examination 10 weeks later (fig 3) . Others showed a marked shortening of RP duration or replacement with a positive wave on a "bad" day (greater bradykinesia) compared with a "good" day  (fig 4) . Even within a single day, levodopa treated patients with the "on-off' phenomenon showed associated variations of the pre-movement potentials. A positive pre-movement potential in an "off' period was replaced by a negative RP in the "on" period ( fig 5) . We conclude that the presence of a negative RP is associated with less akinesia, it is under dopaminergic control, but its absence does not indicate disconnection between the basal ganglia and the sources of the cortical potentials. It is not an obligatory concomitant of self-paced movement.
Simpson, Khuraibet After our preliminary communication6 we were informed of a paper in press7 on the "jitter" introduced by uncertainty of the EMG trigger point, but it appears that the variable trigger caused spurious lengthening of the RP duration and could not account for our findings. A recent investigation of the effect of introducing artificial delays8 showed that triggering delays of up to 500,ms could cause amplitude reduction of the RP but insp&tion of their fig4 shows no significant shortening of the averaged pre-movement potential until the trigger delay exceeded 600 ms. We calculated that mean jitter in our material would be of the order of 200 ms, assuming Gaussian distribution. Our statistical analyses of differences take account of this degree of uncertainty. The uncertainty of timing the onset of RP does not differ between controls and patients since the RP gradient is the same in both populations.9 These authors have also reported that there was no difference between the RP of 10 patients with Parkinson's disease (nine on treatment) and that of normal old subjects.'0 We have used healthy control subjects individually matched for age and sex and we do not agree with them if account is taken of duration as well as slope and amplitude of the premovement potential shifts. Earlier reports were conflicting and not correlated with variations in the Parkinsonian syndrome.
Deecke, etal" investigated 33 patients with bilateral or unilateral Parkinsonism, selected for marked akinesia and minimal tremor. They found that the RP was bilaterally absent or even positive in 11 cases of bilateral Parkinsonism. In 22 unilateral cases it was significantly reduced in amplitude on the affected side of the brain. They did not record the duration of the RP. Groll-Knapp et al'2 always recorded some slowly increasing negativity in cortical surface electrode recordings and noted that the peak occurred long after the time of the triggering movement. They comment that the start of the slowly rising negativity was rather late in these cases (no temporal data reported). Shibasaki et al,' using scalp recording, noted reduced amplitude of RP bilaterally in 20 cases of idiopathic Parkinson's disease, but reported marked increase in the time interval from onset of the negative deflection to the EMG recorded from a muscle performing the test movement in 17 patients (in three cases the waveform was too disorganised to analyse). There was no correlation between the abnormality of RP and the 1189 severity of either tremor, rigidity or akinesia, which were assessed clinically but it was this report that suggested to us that the early onset of RP might be associated with difficulty in initiating movement though the Japanese authors found similar changes in subjects with cerebellar ataxia associated with cerebellar cortical degeneration. The RP was absent in disorders of the dentate nucleus and temporarily after Vim thalamotomy in the patients with Parkinsonism. Papakostopoulos and Banerji'3 reported that the RP amplitude was reduced in Parkinsonism to the same extent as in a normal control group of comparable age but it was sometimes suppressed. They did not report the duration of the RP. Studies contemporary with our own have confirmed peak amplitude reduction similar to age matched controls but in both groups, Parkinsonians and normal, the amplitude could be increased by administering levodopa.8 There was, however, a slight decrease in the amplitude of the early part of the RP in patients with Parkinson's disease. They confirmed a suggestion that RP amplitude was reduced prior to slowly evolving movements but only with velocities much slower than is usual even in Parkinsonism.
The present work confirms that the RP is decreased in amplitude in subjects with Parkinsonism bilaterally, or ipsilateral to the diseased pallidum in unilateral Parkinsonism, to the extent that the negative wave may be absent or positive as in some normal children and preadolescents [14] [15] [16] and two of our control subjects. Karrer et al'6 speculated that the positive wave may reflect greater inhibitory effort by the young person to control irrelevant behaviour. We find this difficult to accept though some other aspect of cerebral maturation is possible. It would imply a separate source for the positive going "readiness" potential found in some of our patients with Parkinsonism though it is possible that a posterior spread of the pre-frontal positive wave preceding movement' could (algebraically) cancel a vertex negative potential.
According to the report of Shibasaki et al5 we had postulated that a prolonged pre-movement cortical potential might be a marker for the delay of ParkinSimpson, Khuraibet son's disease patients in initiating movement. We avoid the term "akinesia" since the term as used by some authors8 includes initiation and performance times. On the contrary, from our first case it was clear that the Readiness Potential is shortened rather than lengthened. We have described this as a reduced duration but wish to point out that the time measurement extends backwards from the trigger point derived from muscular activity. This does not exclude the possibility that a negative wave of normal duration is displaced in time, ending as well as starting late, possibly after the premotion positivity and movement potential. This possibility is suggested by recordings directly from areas 6a alpha and 6a beta of the human cerebral cortex in which the maximum negativity of the slow deflection occurred "long after the time of the trigger mark as caused by the pressing of the button with the contralateral thumb" (about 260 ms measured from their fig 2) .12 A time shift would result in a reduced amplitude at all times up to the trigger point and would be compatible with our findings and those of earlier workers. We do not have suitable recordings of the post-movement epoch to comment further, but inspection of records makes this unlikely and a subsequent report8 found normal timing of the peak of RP negativity (NI) relative to EMG onset. For the present purpose it is sufficient to state that we find no evidence for a longer than usual delay between intent to move and the actual contraction of the reference muscle. Indeed the contrary finding encourages us to look for an alternative explanation of the Readiness Potential. If it is a diffuse field effect of thalamocortical neurons, it might cause a threshold shift. The slow rising potential suggests a spatially distributed electro-responsiveness rather than a somatotopic one. We speculate on an analogy with the calcium dependent dendritic potential of Purkinje cells (the climbing fibre response) and wonder if this could be a similar gating signal, perhaps on basket cells. The cerebellar analogue allows the Purkinje cell to have two different reactions according to its input'7 which would be very suitable for a switch control.
The findings reported here indicate that the RP is modified by dopaminergic therapy pari passu with fluctuations in the clinical response of Parkinsonian patients with respect to self-paced ("voluntary") movement but not with reaction or movement times in response to external stimuli. If the readiness potential is indicative of functional activity of the supplementary motor area, as currently postulated, it would appear that this cortical area is involved in voluntary movement but not obligatory, permissive rather than commanding. We have stressed the time factor since we had expected to find prolonged pre-motion negativity at the vertex in patients with delayed initiation of movement but it must be emphasised that our findings are not incompatible with those of previous workers. Our recordings did show reduced peak amplitude of N I and decreased amplitude throughout the development of the RP. While this paper was being written, Barrett et al9 described three different gradients in the cortical activity preceding EMG onset and now restrict the term Bereitschaftspotential to the first and shallowest of these, followed by intermediate shift and NS' gradients each steeper than the previous and each with differing topographic distributions. It is possible that a general reduction of amplitude could compromise recognition of the low gradient first potential shift. If the first part of the pre-movement cortical potential is, indeed, a gating potential then there would be no functional difference between the timing and amplitude explanations since time to threshold would be the important parameter. In a preliminary communication we have suggested that a striato-thalamo-cortical projection to the supplementary motor area may provide a dopaminergic gate control for postural stabilisation associated with self-paced voluntary movements and that this is defective in Parkinson's disease.6 The dopaminedependent neurons may be corticopetal and there are other event-related cortical potentials which are reduced in amplitude in Parkinsonism, including P300'8 and the contingent negative variation.'9 Nevertheless, the relationship with an "on-off' response to dopaminergic drugs and the other clinical features described above prejudice us in favour of a striato-thalamic "gate".
